they are a top contributor of births to immigrants in Canada. The large number of births to Indian immigrants in Canada allows the assessment of temporal trends and provincial variations in the M:F ratios among live births to women born in Canada or India. We also assessed whether the M:F ratios differed if the mother and father were from the same or different countries, and further estimated the deficit in the expected number of girls among births to immigrants from India.
Methods

Setting
The eligible study population was defined as all singleton live births to Canadian-and Indian-born mothers giving birth in Canada from Jan. 1, 1990 , to Dec. 31, 2011.
Design
This is a population-based register study using national birth certificate data. We restricted our main analyses to singleton live births among mothers born in Canada or India, who had complete and plausible information about maternal country of birth, number of previous live births, infant sex, province and year of birth. We excluded births outside of Canada, irrespective of whether the mother was Canadian-born, and births in the Yukon, Northwest Territories and Nunavut, because of the negligible number of births to Indian-born women in these jurisdictions.
Sources of data
We used national birth cohorts from 1990 to 2011, as contained in the Canadian Vital Statistics Birth Database administered by Statistics Canada. The database consists of birth certificate data provided by provincial and territorial vital statistics registrars. Although the current database begins in 1974, maternal country of birth was poorly captured before 1990, because immigrants from India were collapsed into a single "Asia" group.
Statistical analysis
A male to female ratio is an odds ratio (P male /(1 -P male ). We used intercept-only logistic regression models to calculate M:F ratios (i.e., the odds of a male) within each stratum of birth order (i.e., first, second, third or fourth birth and higher). Birth order was assessed by a field in the Canadian Vital Statistics Birth Database reporting the total number of previous live births each mother had at each index birth, irrespective of whether they occurred in Canada. To assess linear trends in the M:F ratio over time, we used the CochranArmitage test for binomial proportions. Logistic regression was then used to obtain adjusted odds ratios (ORs) with 95% confidence intervals (CIs) to compare the M:F ratios within strata of birth order between provinces. Ontario served as the referent, because it is the largest Canadian province with the largest concentration of Indian immigrants. 13 The deficit in the expected number of girls was calculated by M/(F + x) = 1.07, where x is the number of "missing girls."
To indicate the presence of a deficit in the number of girls, we only considered M:F ratios above 1.07 -the upper limit of the established normal biological variability. 5, [15] [16] [17] The 95% CIs were calculated using bootstrap with 10 000 replications. The lower bound was set to be 0 when negative.
Reporting guidelines for the Canadian Vital Statistics Birth Database mandate the masking of frequencies to prevent reidentification of individuals. We therefore used controlled rounding techniques to randomly approximate all counts to the nearest multiple of 5. Use of the data for this study was approved by Statistics Canada and by the Research Ethics Board of St. Michael's Hospital, Toronto.
Results
There were 6 074 115 singleton live births in Canada to Canadian-or Indian born mothers in the 22- About 45% of all births to Canadian-born mothers occurred in BC and Ontario, in contrast to 85% of births to Indian-born mothers (Table 1 ). There were relatively few births to Indian-born mothers in Quebec. Most fathers were born in the same country as the mother. Canadian-born mothers tended to have more births than Indian-born mothers after 2 previous children. Unlike Canadian-born mothers, among Indian-born women, the proportion of male infants noticeably increased according to birth order and maternal age group. Unlike Canadian-born mothers, most of the Indian-born mothers were married (Table 1) .
Crude M:F ratios among Canadian-born mothers showed little, if any, fluctuation according to birth order and year of birth, ranging between 1.03 and 1.06 ( Figure 1 ). In contrast, crude M:F ratios among Indian-born women were consistently high for third and fourth or higher-order births (Figure 1) . Among Indian-born mothers, the overall M:F ratio at the third birth was 1 Figure 1) . A post hoc analysis suggested that these contrasting trends between thirdorder and fourth or higher-order births among Indian-born mothers were accompanied by parallel trends toward smaller families. Specifically, the proportion of third-order births among all births to Indian-born women decreased from 16 .4% in 1990-1991 to 11.3% in 2010-2011 (p < 0.01), whereas the proportion of fourth and higher-order births decreased from 4.4% in 1990-1991 to 2.5% in 2010-2011 (p < 0.01).
Among Canadian-born mothers, M:F ratios remained unchanged within strata of birth order comparing other provinces to Ontario (Table 2 ). For Indian-born mothers, provincial variation was also minimal, except among fourth and higher-order births in British Columbia (adjusted OR 1.28, 95% CI 1.12-1.47) ( Table 2) .
For the assessment of M:F ratios within groups jointly defined by maternal and paternal country of birth, we further included 1 464 330 infants born to mothers not born in Canada or India, after exclusions, obtaining 7 496 290 births for these analyses.
Comparing M:F ratios by maternal and paternal country of birth, the highest ratio was among 2 Indian-born parents (Table 3) . Since most births to Indian-born parents were to couples in which both parents were from India, this arrangement explained about 95% of the deficit in the number of girls. Interestingly, the presence of an Indian-born father was associated with higher than expected M:F ratios at the second and higher birth orders, irrespective of whether the mother was born in India. For mixed nativity unions, the M:F ratios were higher at the third or fourth and higher-order births if 1 of the parents was Indian-born, but the most marked effect at the fourth birth was among couples involving a Canadian-born mother and an Indian-born father (M:F ratio 1.46; 95% CI 1.18-1.82), followed by couples involving an Indian-born mother and a father not born in either Canada or India (M:F ratio 1.38; 95% CI 1.16-1.64) ( Table 3) .
The top birthplaces of mothers not born in Canada or India coupled with an Indian-born father were the United Kingdom (32%), followed by Pakistan (10%) and the Philippines (5%). The top birthplaces of fathers not born in Canada or India coupled with an Indian-born mother were unknown (48%), followed by the UK (32%), Pakistan (6%) and Sri Lanka (4%).
Interpretation Main findings
We evaluated most registered live births to Indian immigrants to Canada for more than 2 decades, and compared these births to nearly all live births to Canadian-born parents.
Among Indian immigrants, high M:F ratios were observed at third-order and fourth or higher-order births, which did not vary considerably across provinces. We conservatively estimated that 4472 daughters of Indian immigrants to Canada were unaccounted for over the last 2 decades -so-called "missing girls" 7-9 -largely among couples of 2 Indian-born parents (89.4%), but also among couples including 1 Canadianborn parent.
Our findings highlight the magnitude of the skewed sex ratios at birth among Indian immigrants to Canada but do not explain them. There are numerous speculations regarding the factors that may affect natural sex ratios, most of which are surrounded by conflicting evidence. 18 Human intervention, in the form of prenatal sex selection, specifically induced abortion of female fetuses after prenatal ultrasonography, is the most commonly cited explanation in settings where son preference and strong patriarchal cultures are prevalent, although direct evidence of such a link remains scarce. 2, 20 Our companion paper adds plausibility to such a claim by showing that high M:F ratios are associated with preceding induced abortions in Ontario. 21 Because son-biased sex ratios among Indian immigrants did not differ according Note: CI = confidence interval. *Only M:F ratios > 1.07 are considered to exceed the natural range of 1.03-1.07 and are therefore included in the calculation of missing girls.
It appears that skewed M:F ratios among some Indian immigrants to Canada have been present for at least 2 decades, accruing about 4472 "missing girls." This estimate may be conservative, because calculations of the deficit in the number of girls based on M:F ratios do not account for repeated induced abortions of female fetuses. 21 Since the biological probability of having a male live birth is independent of the sex of the previous births of the same mother, 23 consecutive pregnancies of female fetuses are likely to occur. Some couples may, therefore, undergo repeated induced abortions until they carry a male fetus. 21, 22 Our study confirms that most of the deficit of girls occurs at the third birth (n = 2616, 58.5%). However, the deficit of girls is higher among fourth and higherorder births (n = 1092, 24.4%) than among second-order births (n = 764, 17.1%), despite the larger number of secondorder births. Few previous studies were large enough to examine M:F ratios at fourth and higher-order births. 6, 13 Unlike in our previous study that was limited to Ontario, and in which we included live and stillbirths in defining birth order, 13 here we only included live births. Counting stillbirths dilutes the association between birth order and M:F ratios, since fertility decisions are thought to be made based on the current number and sex of the living children in the family. 1 We found increasing temporal trends in the M:F ratio at the third birth paralleled by decreasing trends at higher-order births. This is likely a function of declining trends in family size over time. Under the hypothesis of the son preference, securing a boy by the third birth may release the pressure of getting a boy in subsequent births, although some couples may still recourse to induced abortions to control family size after having had a son. 2 The lack of substantial provincial differences in the sex ratios of births to Indian immigrants suggests that the place of origin may be more influential than that of destination. Although the M:F ratio at the fourth birth was somewhat higher in British Columbia, Manitoba and Saskatchewan than in Ontario -something worthy of further exploration -it was higher than expected in all Canadian provinces, suggesting that our findings may be generalized to similar Indian diasporas. Finally, our study quantified the contribution of both maternal and paternal country of birth to M:F newborn sex ratios. Paternal influence has been postulated to be a key influence on M:F ratios, 24 and our findings suggest that this is so even among couples of mixed nativity. Certainly, some Canadian-born mothers may have been of second-generation Indian ancestry. Data from the 2001 and 2006 Canadian censuses reported a M:F ratio of 1.32 within households of "Asian" couples with 2 previous girls, in which one or both parents were Canadian-born. 11 Interestingly, among mixed nativity couples, most parents in the "Other" group (i.e., not born in Canada or India) were born in the UK, where a large Indian diaspora exists, including secondgeneration Indians. Further studies may clarify to what extent the skewed sex ratios among mixed nativity couples involve second-generation Indians. Although mixed nativity couples accounted for only 10.6% of the total deficit of girls in the current study, it remains to be seen how M:F ratios will change within this emerging demographic group.
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Limitations
The Canadian Vital Statistics Birth Database does not distinguish between births from the same mother and, therefore, we could not examine finer patterns in the M:F ratios according to the sex of the previous siblings. Although our aggregation at the level of live birth order would have diluted the effect sizes observed herein, this limitation should not have severely underestimated the number of "missing girls," owing to our large sample size. Second, the database does not have data on induced abortions, which would provide more direct information about the practice of prenatal sex selection. However, our companion paper addresses this limitation. 21 Third, although we used novel data about both maternal and paternal country of birth, recording of father's birthplace was not as complete as that of the mother. Finally, the database does not include data on the year of immigration. Such information could help to determine whether duration of residence in Canada leads to more balanced M:F ratios, as seen among newborns of 2 Canadian-born parents. Finally, grandparents' birthplace was not captured, so second-generation immigrants could not be identified.
Despite these limitations, this study provides a comprehensive portrait of skewed M:F ratios among Indian immigrants to Canada, including M:F ratios among fourth and higherorder births, something not possible in studies using Canadian census data. 11 Our inclusion of fourth and higher-order births specifically revealed that "missing girls" are common in this stratum, and that the failure to account for fourth and higher-order births may underestimate the calculation of the deficit in the number of girls by about 25%.
Conclusion
This study provides a comprehensive account of "missing girls" to Indian immigrants in Canada. A higher than expected M:F ratio at birth among Indian immigrants may have produced a deficit of about 4472 girls over the past 2 decades, with little variation across Canadian provinces. Furthermore, our study highlights the importance of the father as a key figure to consider when conducting further research on the topic or designing strategies to curve down the skewed sex ratios within certain communities.
